Introduction
Health is a typical field where the economic theory of market competition does not enjoy the basic conditions to work. The pharmaceutical market, in which the most important private health care industry flourishes, is no exception; rather, it is one of the most striking examples of market failure (on both the demand and supply sides) caused by lack of price competition. To tackle these problems, public intervention on pricing and reimbursement has traditionally been far more extensive than on most other goods.
Research and development (R&D) activity characterizes the pharmaceutical industry, and the flow of new drugs is protected by patents to remunerate investments. As soon as a patent expires, competition is opened up and any manufacturer can copy the originator product; in principle, this should push industry to reinvest its profits in R&D and constrain any ''economic rent'' too.
This circumstance justifies the place in the pharmaceutical market for generics and biosimilars, i.e. off-patent medicines that can be sold at lower prices than their originators, with no loss of quality, safety and efficacy to patients.
While generics have been widely used throughout the world for decades, this is not yet the case for the more recent biosimilars, of which only six have been approved by the European Medicines Agency (EMA) so far [1] : epoetin, filgrastim, somatropin, follitropin alfa, infliximab and insulin glargine (Table 1) .
Here we compare these two types of off-patent medicines using the well-known business tool of ''4P's (product, place, promotion, and price) marketing mix'' [2] , which proved suitable for casting light on their differences, looking particularly at what makes biosimilars special, beyond the way they are produced. We mainly refer to Western European countries since generics have been in use there for decades alongside in-patent drugs.
Product
A generic medicine is a chemical drug designed and developed to be equivalent to its originator (the 'reference medicine'), which has already been authorized. It should contain the same active ingredient(s) as the reference medicine and be used at the same dose(s) to treat the same disease(s). Only the inactive ingredients (the 'excipients') can differ in the generic and its originator [3] . The concept of bioequivalence is fundamental for generics. These small, not very complicated, chemical entities are fairly easy to synthesize and their performance in humans is, of course, predictable because they are exact copies of the originators. European guidelines limit the requirement for clinical studies to certain circumstances, to reduce unnecessary and costly clinical trials (CTs) as far as possible [4] .
A biosimilar product is designed and developed to be similar to an original biological medicine whose patent has expired. A biosimilar and its originator contain essentially the same active biological substance, though there may be minor differences due to their complex nature and production methods [5] . Like the reference medicine, the biosimilar can have some natural variability from one batch to another, batch-to-batch variability (microheterogeneity) being a feature of any biological agent. Consequently, even changes in the biological originators' manufacturing processes aimed at increasing production efficiency require extensive analyses of pre-and post-change products (comparability exercise), with subsequent approval by regulatory authorities. While this is generally mentioned to cast doubts on the equivalence of biosimilars and reference products, it may be at the same time used to claim their superiority because of their up-to-date production methods [6] . However, according to EMA [5] neither an 'inferior' nor a 'superior' product should be approved as a biosimilar, on account of the potential for differences in biological activity and/or safety. Stringent criteria are required in studies for biosimilars' approval that compare their quality, safety and effectiveness with the originator, to show the clinical irrelevance of their variability and differences, if any [5] . Therefore, a biosimilar needs an extensive head-tohead comparison with the originator to confirm the resemblance between its physicochemical and biologic characteristics, safety, and efficacy and those of its 'parent'. In practice, the type and amount of clinical data required for each biosimilar can vary a lot, depending on (1) the complexity of the active substance and how thoroughly it can be characterized, (2) the availability of an accepted surrogate end-point for comparing efficacy, (3) the type and seriousness of safety concerns already reported for the reference product, and (4) the possibility of extrapolating efficacy and safety data to other indications for the reference product that have not been researched for the biosimilar. In theory, if the same mechanism of action of the active substance and the target receptor(s) are involved in the tested and extrapolated indication(s), extrapolation should not pose any problem [7] .
Place
Most generics and the few biosimilars so far approved are prescribed in quite different settings. Although varying according to the type (e.g. ''Beveridgean'' in the UK and Italy or ''Bismarckian'' in Germany and France [8] ) and framework of health care systems, the former are mainly prescribed in primary care by general practitioners (GPs), who are self-employed independent practitioners in most Western EU countries, the latter are used more by specialists, particularly by hospital doctors, who are employees in all countries but the Netherlands [9] . This means their distribution channels can differ too. Generics are mainly dispensed through community pharmacies in all countries, while biosimilars (which are mainly injectables) are usually first used in hospital, so the influential role of community pharmacists is still limited overall.
These different settings of the two kinds of products substantially affect their promotion and pricing.
Promotion
Many policies have been in place to promote the use of generics for decades in many Western EU countries. An important question for generics worldwide in the long run is how patients perceive the safety and quality of the products, and this is mainly influenced by health professionals. Although it is easy to demonstrate bio-equivalence, pharmaceutical companies sometimes have an obvious interest in discrediting generics and undermining their credibility among prescribers [10] , who in turn are reluctant to prescribe them widely if they have no financial incentive from health authorities to compensate their loss of influence. Only a few European countries have introduced a direct ''stick-and-carrot'' budgetary approach aimed at boosting the prescription of cheaper drugs among GPs (e.g. GP fundholding in the UK and pharmaceutical expenditure targets in Germany) [11] .
Broadly, community pharmacists are keener about generics, their interest mainly reflecting whether commercial incentives offered by the generics' manufacturers more than offset their lower margins (than the originators) and the extra time needed to inform patients. Although in many countries (e.g. France, Germany and Italy) distribution margins (as a proportion of public prices) apparently [11] . In general, the traditional international non-proprietary name (INN) prescription in countries like the UK (differently from France, Italy and Spain) has certainly favoured the diffusion of generics, overriding the controversial attitudes of GPs and community pharmacists [12] .
Biosimilars have not really caught on yet. They still face substantial barriers when competing with branded originators for market share and third-party payers seem cautious about encouraging their spread, probably because they are still not sure how exactly to interpret the concept of similarity and fear risks of immunogenicity. As far as we know, France is the only country that has allowed automatic substitution for biosimilars, although under certain conditions: (1) naïve patients only, (2) without the prescriber's prohibition, and (3) limited to products included in a ''similar biologic'' group drawn up by the national agency for approval (Agence Nationale de Sécurité du Médicament et des produits de santé, ANSM), although details on this issue are still lacking [13] . In Germany the National Association of Statutory Health Insurance Funds (GKV) has agreed with the National Association of Statutory Health Insurance Physicians (Kassenärztliche Bundesvereinigung) on a quota for biosimilars (more than half the total volume) in the group of epoetins, to stimulate their uptake [14] .
Extrapolation to other indications for the biosimilar may be another big hurdle when the originator has several indications (examples are epoetin and infliximab) and the similarity has been confirmed in CTs only for one of the indications at approval. The 'similar but not identical' principle and the traditional use of CTs to assess a drug's efficacy and safety may arouse suspicion among the medical professionals involved in their prescription, even though extrapolation has to be based on rigorous characterization and comparison of structural and functional characteristics using advanced modern analytical tools [7] so that repetition of the entire development programme of the reference product would be scientifically unnecessary and a potential waste of money [15] . Besides, extrapolation of data has been accepted for many years even when the manufacturing process of originators has undergone major changes [7] . Finally, because biologicals are often injected subcutaneously (e.g. somatropin and insulin glargine), delivery devices closely linked to a specific product can become a further hurdle undermining an easy switch to biosimilars [16] .
In general, however, the fact that medical consultants and hospital pharmacists in Western EU countries are mostly employees should make it simpler for health authorities to introduce budgetary tools that boost the promotion of biosimilars.
Price
Of course, investing in copies is much less risky than in innovative drugs requiring more expensive R&D activity. As discussed above, approval for marketing a generic normally requires only limited investments for investigating clinical safety and efficacy. Prices can therefore sometimes be as low as half those of the originators and often even 80 % less [17] , potentially leading to considerable savings for health authorities if prescribers do not switch to in-patent ''me-too'' drugs [18] [19] [20] .
Most national authorities have specific pricing and reimbursement schemes for generics, to encourage their wider use and limit pharmaceutical expenditure [11] . The most common price regulation system in the Western EU countries is the so-called reference pricing (RP) scheme, under which health authorities set a maximum price for products containing the same active ingredient so patients have to cover any cost of equivalent products exceeding the RP [21] . Introduced in Germany (Festbeträge) in 1989 for the first time and 2 years later in the Netherlands, an RPlike scheme has now been adopted in France, Italy and Spain, the last Western EU countries where generics were launched, because of national patent extension laws approved before European harmonization [11] . Germany and the Netherlands [18] have now shifted to tendering in community care too, allowing their health insurers to restrict reimbursement to the cheapest product(s) only. RP may raise concern among the general population on the real equivalence of drugs in the long term, The underlying and emerging message that cheaper generics are like ''hard discount'' low-quality products in mass markets compared with originators and so patients should be willing to pay more for ''brand'' products is simply false since generic drugs have to be equivalent to originators.
As an average, prices of biosimilars are only discounted 20-30 % compared with the originators so far [22] . Companies maintain that this relatively small price difference reflects the substantial investment needed to develop and market a biosimilar. The time to develop a biosimilar is estimated at 7-8 years, at a cost of $100-$250 million (a 100-fold increase the $1-$4 million estimated for a generic) [23] .
Pricing arrangements for biosimilars in the Western EU countries are still confused and uneven. Countries like Germany and the Netherlands have included the first biosimilars approved (epoetin and filgrastim) under RP, like generics, while in Italy [24] and Spain [25, 26] many regional authorities purchase biosimilars through tenders.
Discussion
Biosimilars can be considered ''new'' off-patent medicines made by a biological process. Only a few are on the European markets right now, but the number of top-selling biologics about to come off-patent in the next 5 years (e.g. adalimumab, cetuximab, etanercept, rituximab and trastuzumab) is fuelling considerable interest [27] .
Biosimilars and generics have different characteristics: the latter, with their small, simple chemical structures, are considered identical to their reference medicines. However, the complexity of the biological/biotechnology-derived products makes the standard generic approval procedure based on bioequivalence not applicable for the former, so a specific comprehensive strategy for comparisons is called for, including CTs [28] . The complicated biological production process, even though it greatly influences the characteristics of the end-product, is kept a company secret. Therefore, biosimilar manufacturers have to design the production site at their own discretion, implying that CTs are mandatory for comparing products since laboratory tests alone are not specific enough. Disclosure of the production process could lead to easier and more exact copying of the originator, preventing costly and ethically questionable CTs on biosimilars [7] . We wonder whether international agencies like EMA could not oblige companies to disclose this information for biologics before patent expiry, a practice which is not necessarily inconsistent with patent protection in our view. In general, more health authorities should hinder the widespread habit of big pharmaceutical companies of introducing in-patent pharmaceutical forms just before patent expiries (see subcutaneous injection of trastuzumab as a very recent example [29] ). Although this kind of 'life-cycle' strategy to re-launch mature products is legal, we feel it is more like 'malpractice' allowed by the present patent regulation to undermine price competition, extending protection by deliberately delayed launches.
Since, as we pointed out before, hospitals and health authorities employ most medical specialists, it should be simpler for them to promote biosimilars. Not having to deal with GPs' and community pharmacists' attitudes towards generics, health authorities could exploit straightforward managerial tools-like their budgets-to boost the prescription of biosimilars.
The often mentioned concern about the quality of generics should not pose any great problem for biosimilars. Not only are there only a few manufacturers-who can be easily inspected-but most of them are well-established pharmaceutical companies. The two examples of recently approved biosimilars may be emblematic. Although marketed under two different brands, infliximab is manufactured by only one company, so it is just one product in practice. Moreover, the manufacturer has been contracted for production [30] and contacted for acquisition [31] by big multinational companies of biological originators.
Insulin glargine will have only one biosimilar, although co-promoted by two multinational companies specialized in diabetes care. Since one of them is the manufacturer, it will be hard for the originator's company to argue about the biosimilar's quality. Besides, the EMA's annual periodic safety update reports for these drugs have not yet identified any differences between biosimilars and reference products in frequency, type, or severity of adverse events [22] . To our knowledge, the only accident for biologics so far involved batches of the epoetin originator [32] .
Biosimilars, like generics before them, will find it hard to carve out a niche in the pharmaceutical arsenal without offering health authorities considerable savings. Though manufacturers claim that price cuts should be much smaller on biosimilars than on generics, there are doubts about this. Biosimilars incur higher development costs than generics partly because CTs are required for approval and partly because manufacturing them is more complicated. While CT costs could be lowered simply by adapting patent regulations (as discussed above), fixed costs like production hardly account for a large proportion of the ex-factory prices of in-patent drugs [33] . This seems even less probable for the sky-high priced monoclonal antibodies whose patents are due to expire soon.
Tenders might offer the most effective way of lowering the prices of biosimilars. However, to achieve real savings the bids must be designed to encourage effective competition, at least allowing more than one manufacturer to compete for the same lot [34] . For instance, while the average price of somatropin has remained stable in Italy in recent years, that of filgrastim decreased more than 50 % thanks to competitive regional tendering.
Policy implications
Before taking appropriate decisions, national authorities always need to become familiar with new trends emerging in industry and must appreciate the intrinsic economic limits of the pharmaceutical market, i.e. the lack of competition. However, right now international patent regulation seems to be the main hurdle to the spread of biosimilars. Revealing production details well in advance of a patent's expiry would help biosimilars contribute more to sustainable pharmaceutical expenditure, which is particularly important in this period of unprecedented economic crisis, when all possible means to constrain health care budgets without a negative impact on health should be explored. Here we put forward a very general proposal open to debate.
Once this major international barrier has been overcome and biosimilars reconnected to generics from a regulatory point of view, the widespread diffusion of biosimilars on domestic markets at competitive prices will be managed more or less successfully by national authorities, as has happened for generics for decades.
